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(54) Rolling bearing unit with rotating speed sensor 

(57) A rolling bearing unit with rotating speed sen- 
sor comprising a stationary outer ring member (8) hav- 
ing an outer ring raceway on an inner peripheral face 
thereof, a rotatable inner ring member (5) having an 
inner ring raceway on an outer peripheral face thereof, a 
plurality of rolling elements (11) provided between the 
outer ring raceway and the inner ring raceway, an annu- 
lar tone wheel (13) secured to the end portion of the 
inner ring member (5) and having a cylindrical periph- 
eral portion formed with rotating cutouts circumferen- 
tially with a uniform space therebetween, a cover (18) 
comprising a synthetic resin block (21) and a metal por- 
tion and having a cylindrical engaging portion fixed to 
the open end portion of the outer ring member (8) by 
engaging the engaging portion with the inner peripheral 
face of the outer ring member (8), an annular sensor 
(20) embedded in the resin block (21) having a periph- 
eral face such that the peripheral face thereof opposes 
partly the peripheral portion of the tone wheel (13), and 
a guide (37) formed on at least one of the tone wheel 
(13) and the sensor (20) to make the tone wheel (13) 
and sensor (20) overlapped radially with each other. 


Fig. 4 
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Description 

FteM of the Invention 

This invention is related to a rolling bearing unit with 
rotating speed sensor to rotatabty support a vehicle 
wheel with respect to a suspension apparatus and to 
detect the rotating speed of the vehicle wheel. 

Pesctiptionofthe Prior Art 

Various constructions for a rolling bearing unit with 
rotating speed sensor to detect rotating speed of a vehi- 
cle wheel are known up to now in order that the vehicle 
wheel is supported with respect to the suspension freely 
rotatably while an anti-lock brake system (ABS) or a 
traction control system (TCS) is controlled. 

The rotating speed sensor which is installed in the 
rolling bearing unit has a tone wheel which rotates with 
the vehicle wheel and a sensor which outputs a signal 
changing in proportion to the rotating speed of the tone 
wheel. 

Various types of tone wheels and sensors are 
known up to now. The rotating speed sensor of the pas- 
sive type which uses the tone wheel made of magnetic 
material such that the voltage generated in the coil of 
the sensor changes according to the rotation of the tone 
wheel is used widely, because it does not use expensive 
components. 

The passive type of the rotating speed sensor 
which comprises an annular sensor to make the output 
of the sensor larger as shown, for example, in HATSU- 
MEI KYOKAI Technical Report Publication No. 94- 
16051 is known in the prior art. 

Figs. 1 and 2 show the rolling bearing unit with 
rotating speed sensor as disclosed in this Technical 
Report Publication. 

A hub 1 has an axialiy outer end portion which is 
formed with a flange 2 for wheel fixture on its outer 
peripheral face, a mid-portion which is formed with an 
inner ring raceway 3a and a stepped portion 4 on its 
outer peripheral face, and an axialiy inner end portion 
which has an inner ring member 5 provided on its outer 
peripheral face. 

The term "axialiy outer in the specification means 
the outer side in a widthwise direction when installed in 
the vehicle; left in figures, and the term "axialiy inner 
means the center side in a widthwise direction when 
installed in the vehicle; right in figures. 

The inner ring member 5 is formed with an inner 
ring raceway 3b and externally fitted to the outer periph- 
eral face of the hub 1 with an axialiy outer end face 
thereof abutted against the stepped portion 4. 

A male-threaded portion 6 is formed on the axialiy 
inner end portion of the hub 1 . The inner ring member 5 
is fixed at a predetermined location on the outer periph- 
eral face of the hub 1 by means of a nut 7 which is 
threaded onto the threaded portion 6 and tightened, 
thus constituting an inner ring assembly together with 


the hubl. 

There is also the case where, instead of directly 
forming the inner ring raceway 3a on the outer periph- 
eral face of the hub 1 , it is formed as an inner ring mem- 

5 ber (not shown) separate from the hub 1 , and externally 
fitted to the hub 1 together with the inner ring member 5. 
In this sense, the hub 1 is also an inner ring member. 

An outer ring member 8 located around the hub 1 
has a mid-portion which is provided with an attachment 

10 portion 9 on an outer peripheral face thereof, for fixing 
the outer ring member 8 to a suspension unit (not 
shown). 

An inner peripheral face of the outer ring member 8 
is formed with outer ring raceways 10a, 10b opposite to 

is the inner ring raceways 3a. 3b respectively. 

A plurality of rolling elements 11, specifically balls, 
are respectively provided between the two inner ring 
raceways 3a, 3b and the pair of outer ring raceways 
10a, 10b, so that the hub 1 is rotatable inside the outer 

20 ring member 8. 

In the case of a hub unit for heavy vehicles, tapered 
rollers are used for the rolling elements instead of the 
balls shown Figs. 1 and 2. 

A seal ring 12 is fitted between the inner peripheral 

25 face at the axialiy outer end of the outer ring member 8, 
and the outer peripheral face of the hub 1 , to cover the 
opening at axialiy outer end of the space in which the 
plurality of rolling elements 1 1 are provided between the 
inner peripheral face of the outer ring member 8 and the 

30 outer peripheral face of the hub 1 . 

A tone wheel 13 has a base end portion (left end in 
Figs. 1 and 2) which is externally fixed to a portion on an 
axialiy inner end of the inner ring member 5 which is 
spaced away from the inner ring raceway 3b. 

35 The tone wheel 1 3 is made of magnetic metal plate 
such as steel plate, and is entirely annular or short- 
cylindrical. The tone wheel 13 comprises a smaller- 
diameter portion 14 and a larger-diameter portion 15 
that are continuous through a stepped portion 16 and 

40 concentric with each other. This kind of tone wheel 1 3 is 
fixed to and supported by the inner ring member 5, such 
that the larger-diameter portion 15 is fitted around the 
outer peripheral face on the axialiy inner end portion of 
the inner ring member 5, so that the stepped portion 16 

45 comes in contact with the axialiy inner edge of the inner 
ring member 5. Therefore, the smaller-diameter portion 
1 4 is supported so that it is concentric with the inner ring 
member 5. 

There are several through holes 17 formed around. 
so the smaller-diameter portion 1 4 at equal intervals in the 
circumferential direction to form a first cut-out section 
where the magnetic characteristics change alternately 
at equal intervals in the circumferential direction. 

These through holes 17 are identical in shape and 
55 specifically rectangular shaped to extend in the axial 
direction (left and right in Figs. 1 and 2); Only the cross 
portion of one of the through holes 17 is shown in fig- 
ures for simplicity. 

An opening portion at the axialiy inner end portion 
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of the outer ring member 8 is covered with a cover 18 
made for example by deep drawing a metal sheet such 
as stainless steel plate, or aluminum alloy plate into the 
form of a bottomed cylinder. 

An annular synthetic resin block 21 in which is s 
embedded an annular sensor 20 is fixed and retained 
within the cylindrical portion 19 of the cover 18. This 
sensor 20 comprises a permanent magnet 22, a stator 
23 made of magnetic material such as steel plate, and a 
coil 24. By embedding the permanent magnet 22, stator 10 
23 and coil 24 in the synthetic resin block 21 , the sensor 
20 can be made generally annular. 

Of these components which make up the sensor 
20, the permanent magnet 22 is formed in a generally 
annular or circular ring shape and magnetized so that its is 
magnetic orientation is in the radial direction. The inner 
peripheral face of this permanent magnet 22 is faced, 
through a small clearance 25, to the outer peripheral 
face of a base portion of the smaller diameter portion 1 4 
of the tone wheel 1 3 where the through holes 1 7 are not 20 
formed. 

The stator 23 is formed in a generally annular 
shape and has a radially outer cylindrical portion 26 and 
a radially inner cylindrical portion 27 connected to each 
other through a radial portion in a substantially J- 25 
shaped cross portion. The inner peripheral face on the 
axially outer end of the radially outer cylindrical portion 
26 of the stator 23 is very near or comes in contact with 
the outer peripheral face of the permanent magnet 22. 
Moreover, the inner peripheral face of the radially inner 30 
cylindrical portion 27 of the stator 23 is faced to a tip 
portion of the tone wheel 13 where the through holes 1 7 
are formed. 

Furthermore, a plurality of notches 28 with an axial 
open end are formed in a second cut-out section around 35 
the radially inner cylindrical portion 27 of the stator 23, 
so that they are located around the cylindrical portion 27 
circurrrferentially with the same pitch as the through 
holes 1 7. This pitch is referred to as center-angle pitch. 
Accordingly, the radially inner cylindrical portion 27 is 40 
formed so that it is comb-toothed. 

The coil 24 is formed by winding a conductive wire 
around a non-magnetic bobbin 29 so that it is annular 
shaped, and it is located on the inner peripheral side of 
the radially outer cylindrical portion 26 of the stator 23. 45 
The electromotive force (emf) generated in this coil 24 is 
output from a connector 30 that protrudes from the out- 
side surface of the cover 18. 

When using the rolling bearing unit with rotating 
speed sensor constructed as described above, as the so 
tone wheel 13 rotates with the hub 1 , the density of the 
magnetic flux flowing in the stator 23, which is faced to 
the tone wheel 13, changes, so that the voltage gener- 
ated in the coil 24 changes at a frequency that is propor- 
tional to the rotational speed of the hub 1 . The theory ss 
behind the change of voltage generated in the coil 24 
due to the change in density of the magnetic flux flowing 
in the stator 23 is the same as that applied for rotating 
speed sensor that have been widely used in the prior 


art 

The reason that the density of the magnetic flux 
flowing in the stator 23 changes due to the rotation of 
the tone wheel 13 is described below. 

The through holes 17 formed around the tone 
wheel 13 and the notches 28 formed around the stator 
23 have the same pitch, so that as the tone wheel 13 
rotates, there are moments when they are all faced to 
each other at the same time. At the moment when these 
holes 17 and notches 28 are faced to each other, the 
magnetic column portions located between each pair of 
adjacent holes 1 7 and the magnetic tongue-shaped por- 
tions located between each pair of adjacent notches 28 
are faced to each other through a small clearance 25 
between them. When the magnetic column portions and 
magnetic tongue-shaped portions are faced to each 
other, the density of the magnetic flux flowing between 
the tone wheel 13 and the stator 23 is high. 

In contrast to this state, when the holes 17 and 
notches 28 are half out of phase, the density of the mag- 
netic flux flowing between the tone wheel 13 and the 
stator 23 becomes low. In other words, in this state, the 
holes 1 7 formed around the tone wheel 1 3 are faced to 
the tongue-shaped portions, while at the same time, the 
notches 28 formed around the stator 23 are faced to the 
column portions. When the column portions are faced to 
the notches 28 and the tongue-shaped portions are 
faced to the holes 17, there is a comparatively large gap 
or clearance between the tone wheel 13 and the stator 
23 generally in the circumference. In this state, the den- 
sity of the magnetic flux flowing between the tone wheel 
13 and the stator 23 becomes low. As the result, the 
voltage generated in the aforementioned coil 24 
changes proportionally with the rotational speed of the 
hubl. 

By using a sensor 20 like described above, the out- 
put voltage generated in the coil 24 changes with a fre- 
quency proportional to the rotational speed of the hub 1 . 
There is an annular, existing space in the opening end 
portion of the outer ring member 8. It is possible to uti- 
lize this annular limited space for installing the sensor 
20 to make the output of the sensor 20 sufficiently large 
enough to reliably detect the rotational speed of the 
vehicle wheel rotating together with the hub 1 . 

The permanent magnet 22, the stator 23 and the 
coil 24, which make up the sensor 20 are all formed in 
an annular shape that entirely surrounds the tone wheel 
13. Since the magnetic flux that comes from the perma- 
nent magnet 22 flows all the way around the stator 23, 
the amount of magnetic flux that flows generally through 
the stator 23 can be made sufficiently large enough. 
Thus the change in voltage on the coil 24 that corre- 
sponds to the change in density of the magnetic flux 
passing through the stator 23, can be made large. 

The prior art rotating speed sensor having the 
annular sensor 20 can have a larger output than those 
having the rod shaped sensor which had been known in 
the art. 

On the other hand, in order that the rotating speed 
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sensor is so small in size as to be installed in a compact 
car with an enough sensor output maintained, a rolling 
bearing unit with rotating speed sensor as shown in Fig. 
3 is disclosed in the copending JP Patent Applications 
No. H7-29560 and No. HM33601. 

In the construction of the copending JP Patent 
Applications, the rotational speed sensor comprises a 
tone wheel 13 and a sensor 20. The tone wheel 13 is 
formed in a generally cylindrical shape from a magnetic 
metal plate such as steel plate, and comprises a smaller 
diameter portion or fixing cylindrical portion 14 and a 
larger diameter portion or detecting cylindrical portion 
15. The axially inner end rim of the smaller diameter 
portion 14 is connected to the axially outer end rim of 
the larger diameter portion 15 by a stepped portion 16 
giving a crank shape in cross section. 

The tone wheel 13 is secured to the inner ring 
member 5 by press fitting the smaller diameter portion 
14 onto the axially inner end portion of the inner ring 
member 5. 

With the tone wheel 13 fixed to the inner ring mem- 
ber 5 in this manner, the larger diameter portion 15 is 
located around the periphery of the nut 7 which clamps 
the inner ring member 5. 

Cut-outs 31 are formed in the larger diameter por- 
tion 15 at even spacing around the circumference, with 
tongue portions of magnetic material between pairs of 
circumferentially adjacent cut-outs 31, thus forming a 
rotating cutout section. The larger diameter portion 1 5 is 
thus formed with comb like teeth. 

Incidentally, the rotating cutout section can be pro- 
vided only on the inner peripheral face of the larger 
diameter portion 15. Specifically, lands and recesses of 
the internal gear type are formed on the inner peripheral 
face of the larger diameter portion 1 5, with the recesses 
performing the role of cutouts. 

In addition, through holes 17 as shown in the prior 
art construction can be used for the rotating cutout sec- 
tion. 

The sensor 20 comprises a permanent magnet 22, 
first and second stators 32, 33 formed from a magnetic 
metal plate with an L-shape in cross section, and a coil 
24. The permanent magnet 22, first and second stators 
32, 33 and coil 24 are respectively formed in an annular 
shape and embedded in a synthetic resin block 21. 

The permanent magnet 22 is magnetized in the 
axial direction (left/right direction in Fig. 3) around the 
whole periphery, with the magnetized direction 
unchanged therearound. 

The axially inner face (right face in Fig. 3) of a radi- 
ally inner, base end portion of the first stator 32 is abut- 
ted against the axially outer end face (left end face in 
Fig. 3) of the permanent magnet 22, while an outer 
peripheral face of a radially outer, tip end portion of the 
first stator 32 is faced to a central portion on the inner 
peripheral face of the larger diameter portion 15, across 
a small gap 25. 

Moreover the axially outer face (left face in Fig. 3) of 
a radially inner, base end portion of the second stator 33 


is abutted against the axially inner end face (right end 
face in Fig. 3) of the permanent magnet 22, while an 
outer peripheral face of a radially outer, tip end portion 
of the second stator 33 is faced to the inner peripheral 
s face of the tip end portion (right end in Fig. 3) of the 
larger diameter portion 15, also across the small gap 
25. 

The radially outer, tip end portions of the first and 
second stators 32, 33 are formed with cut-outs 35, 36, in 

10 a comb like teeth shape respectively, thus forming a sta- 
tionary cutout section. The pitch (central angle pitch) of 
the cut-outs 31 formed in the larger diameter portion 15 
of the tone wheel 13 is made the same as that of the 
respective cut-outs 35, 36. Moreover, the phases of the 

15 cut-outs 35, 36 formed in the first and second stators 
32, 33 are made the same. 

A coil 24 is provided in the region surrounded by the 
outer peripheral face of the permanent magnet 22, and 
the respective side faces of the first and second stators 

20 32,33. 

A voltage which changes with a frequency propor- 
tional to the rotational speed of the tone wheel 1 3 is pro- 
duced in the coil 24 depending on the change in the 
density of the magnetic flux flowing in the permanent 

25 magnet 22, first stator 32 and second stator 33. 

The end opening portion of the outer ring member 
8 of the rolling bearing unit extends as far as the region 
around the nut 7 further than the attachment portion 9 
fixedly provided on the outer peripheral face of the outer 

30 ring member 8. 

The cover 18 closing the axially inner open end of 
the outer ring member 8 is made simple in shape, for 
minimum amount of deformation of the metal plate, and 
the connector 30 is axially projected from the cover 18. 

35 A cylindrical engaging portion 44 is formed around an 
outer peripheral face portion of the cover 18, so that the 
engaging portion 44 is fitted into the outer ring member 
8 with an interference fit, so that the cover 18 is fixed to 
the axially inner open end of the outer ring member 8. 

40 In the rolling bearing unit with rotating speed sensor 
as constructed above, the larger diameter portion 15 of 
the tone wheel 13 faced to the outer peripheral face of 
the sensor 20 can have a larger peripheral speed to 
increase the output of the sensor 20. 

45 In addition, there is no need of enlarging the diam- 
eter of the coil 24 of the sensor 20, with the total length 
of the conductive wire of the coil 24 kept minimum, so 
that the output decrease due to the increase of resist- 
ance in the conductive wire is prevented. In the con- 

so struction of Fig. 3, as the tone wheel 13 rotates, the 
magnetic resistance is changed simultaneously at two 
locations between the outer peripheral face of the first 
stator 32 and the inner peripheral face of the larger 
diameter 15, and between the outer peripheral face of 

55 the second stator 33 and the inner peripheral face of the 
larger diameter portion 15. Accordingly, the change in 
magnetic resistance is large as the tone wheel 13 
rotates, so that the output of the sensor 20 is increased. 
With the speed sensing rolling bearing unit fitted 
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with an annular shape sensor 20 having the beforemen- 
tioned conventional construction, or the abovemen- 
tioned construction related to the previous invention in 
the copending JP Patent Applications, the assembly 
operation is difficult compared to the speed sensing roll- s 
ing bearing unit fitted with a simple rod shape sensor 
such as has been commonly used in the past. The rea- 
son for this is that there is only a smalt difference 
between the diameter of the peripheral face of the sen- 
sor 20 and the diameter of the peripheral face of the w 
tone wheel 13 facing the sensor 20. That is to say, irre- 
spective of the construction, in order to adequately 
increase the output of the sensor 20, the small gap 25 
between the sensor 20 and the tone wheel 13 must be 
made very small. In general the radial dimension of the 75 
small gap 25 is made less than 1mm (for example 
0.5mm). 

At the time of assembling the speed sensing rolling 
bearing unit, the tone wheel 13 is externally secured to 
the inner ring member 5 of the preassembled rolling 20 
bearing unit, after which a cover 18 containing a syn- 
thetic resin block 21 in which a sensor 20 has been 
embedded beforehand, is engagingly secured to the 
open end portion of the outer ring member 8. At the time 
of this engaging and securing operation, if the central 2s 
axis of the tone wheel 13 and the central axis of the 
cover 18 are not aligned to each other, then the sensor 
20 and the tone wheel 1 3 cannot be overlapped diamet- 
rically correctly. More specifically, in the case wherein 
the central axes are misaligned radially, or are inclined 30 
to each other, then with the engaging and securing 
operation the sensor 20 (or rather the synthetic resin 
block 21 in which it is embedded) and the tone wheel 1 3 
bump hard against each other so that the respective 
members 20 (21 ), 1 3 become damaged, and the attach- 35 
ment location of the tone wheel 13 becomes displaced 
from the specified location. 

If either of the sensor 20 (synthetic resin block 21) 
or the tone wheel 1 3 becomes damaged, and also if the 
attachment location of the tone wheel 13 is displaced, 40 
then rotational speed detection of the wheel cannot be 
carried out correctly. 

Summary of the Invention 

45 

The speed sensing rolling bearing unit according to 
the present invention has been developed in view of the 
above situation. 

An object of the present invention is to provide a 
rolling bearing unit with rotating speed sensor which so 
has a guide to make the tone wheel and sensor over- 
lapped radially with each other. 

Another object of the present invention is to provide 
a rolling bearing unit with rotating speed sensor com- 
prising outer and inner ring members, a plurality of roll- ss 
ing elements between the outer and inner ring members 
and a cover which has an engaging portion fitted to the 
outer ring member such that the engaging portion com- 
prises a base half portion fitted to the outer ring member 


with an interference fit and a tip half portion loosely fit- 
ted to the outer ring member. 

Prief Pescription of the Prawings 

Fig. 1 is a partly cut-away, cross sectional view of 
an example of the prior art rolling bearing unit with rotat- 
ing speed sensor. 

Fig. 2 is an enlarged view of portion II in Fig. 1. 

Fig. 3 is an enlarged cross sectional view of a 
copending JP Patent Application, similar to Fig. 2. 

Fig. 4 is a partly cut-away cross sectional view of an 
embodiment of the rolling bearing unit with rotating 
speed sensor of according to the present invention. 

Fig. 5 is a partly cut-away cross sectional view of 
another embodiment of the rolling bearing unit with 
rotating speed sensor of according to the present inven- 
tion. 

Fig. 6 is a partly cut-away cross sectional view of 
another embodiment of the rolling bearing unit with 
rotating speed sensor of according to the present inven- 
tion. 

Fig. 7 is a partly cut-away cross sectional view of 
another embodiment of the rolling bearing unit with 
rotating speed sensor of according to the present inven- 
tion. 

Fig. 8 is a partly cut-away cross sectional view of 
another embodiment of the rolling bearing unit with 
rotating speed sensor of according to the present inven- 
tion. 

Fig. 9 is a partly cut-away cross sectional view of 
another embodiment of the rolling bearing unit with 
rotating speed sensor of according to the present inven- 
tion. 

Fig. 10 is a cross sectional view of the rolling bear- 
ing unit with rotating speed sensor of Fig. 9 in the state 
where the cover 18 is moved away from the outer ring 
member 8. 

Fig. 1 1 is a cross sectional view of the rolling bear- 
ing unit with rotating speed sensor of an example for 
comparison with Figs. 9 and 10. 

Fig. 12 is a cross sectional view of the rolling bear- 
ing unit with rotating speed sensor according to another 
embodiment of the present invention. 

Detailed Description of the Preferred Embodiment 

The speed sensing rolling bearing unit according to 
the present invention, as with the befbrementioned con- 
ventional unit and the previous invention in the copend- 
ing JP Patent Applications, comprises an outer ring 
member which does not rotate during use, having an 
outer ring raceway on an inner peripheral face thereof, 
an inner ring member which rotates during use, having 
an inner ring raceway on an outer peripheral face 
thereof, a plurality of rolling elements provided so as to 
be freely rotatable between the outer ring raceway and 
the inner ring raceway, an annular or cylindrical mag- 
netic tone wheel secured to an end portion of the inner 
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ring member and having a cutout section having a 
peripheral portion formed with rotating cutouts circum- 
ferentially with a uniform space therebetween, a cover 
comprising a synthetic resin block and a metal portion 
and having a cylindrical engaging portion, which is fixed s 
to an open end portion of the outer ring member by 
engaging the engaging portion with a peripheral face of 
the open end portion of the outer ring member, and an 
annular sensor embedded in the synthetic resin block 
such that a peripheral face thereof opposes a peripheral w 
face of part of the tone wheel. 

In one feature of the present invention, on the 
peripheral face of a tip portion of the tone wheel and/or 
on the peripheral face of the tip portion of the sensor, a 
guide is provided to make the tone wheel and sensor 75 
overlapped radially with each other. 

In another feature with the speed sensing rolling 
bearing unit of the present invention, the peripheral por- 
tion of the engaging portion of the cover faced to the 
peripheral face of the open end portion of the outer ring 20 
member has different diameters at the tip half portion 
and base half portion. The tip half portion is loosely fit- 
ted to the peripheral face of the open end portion while 
the base half portion is fitted to the peripheral face of the 
open end portion with an interference fit 25 

In another feature with the speed sensing rolling 
bearing unit of the present invention, there is provision 
for the following requirements (1) and (2): 

(1) Of the peripheral faces of the engaging portion 30 
of the cover, the peripheral face portion which 
opposes the open end peripheral face of the outer 
ring member differs in diameter between the tip half 
portion and the base half portion, so that the tip half 
portion loosely engages with the peripheral face of 35 
the open end portion, while the base half portion 
engages with an interference fit with the peripheral 
face of the open end portion. 

(2) With A 1 as the difference between the diameter 

of the peripheral face of the tip half portion of the 40 
cover and the diameter of the peripheral face of the 
open end portion of the outer ring member, and A 2 
as the difference between the diameter of the 
peripheral face of the cutout section of the tone 
wheel and the diameter of the peripheral face of the 45 
sensor, L 1 as the axial length of the engaging por- 
tion, l_2 as the length that the cutout section of the 
tone wheel axially overlaps a portion on the periph- 
eral face of the sensor excluding the end chamfer 
portion of the sensor, and L3 as the axial length that so 
the end portion of the engaging portion protrudes 
from the end of the portion on the peripheral face of 
the sensor excluding the chamfer portion of the 
sensor, and "c" as the axial length of a chamfer por- 
tion formed on the rim portion of the peripheral face ss 
of the open end portion of the outer ring member, 
then L r L 2 -c > 0 . Moreover, |{L 3 -(L 1 -L 2 -c)^} x{ 
A^-La-c)}^ A 2 /2. 


The operation of the speed sensing rolling bearing 
unit according to the present invention as described 
above which is rotatably supported on the suspension 
unit of a vehicle, at the time of detecting the rotational 
speed of the wheel, is the same as for the case of the 
beforementioned conventional construction, or the con- 
struction related to the previous invention in the copend- 
ing JP Patent Applications. 

In particular, with the speed sensing rolling bearing 
unit of the present invention, the operation of concentri- 
cally assembling the sensor and the tone wheel is easily 
carried out, so that there is substantially no displace- 
ment of the attachment location of the tone wheel nor 
damage to the sensor and the tone wheel. 

In the rolling bearing unit with rotating speed sensor 
according to the one feature of the present invention, 
disposed on at least one of the peripheral face of the tip 
end portion of the tone wheel and the peripheral face of 
the tip end portion of the sensor is a guide by which the 
tone wheel and sensor are overlapped easily with each 
other. 

In the second feature of the present invention, the 
centering of the tone wheel and the sensor is carried out 
with the tip half portion of the peripheral face of the 
engaging portion of the cover loosely engaged with the 
peripheral face of the open end portion of the outer ring 
member. Specifically, the tip half portion of the cover 
can be used as a guide for aligning the central axis of 
the outer ring member and the central axis of the cover. 

Since at the time of this centering operation, it is not 
necessary to press hard on the cover, then the delicate 
positioning of the cover can be easily carried out. 

If after loosely engaging the tip half portion of the 
cover with the inner peripheral face of the open end por- 
tion of the outer ring member to center the tone wheel 
and the sensor, the cover is pressed strongly towards 
the outer ring member, then the cover can be securely 
fixed relative to the outer ring member. At this time, 
there is no possibility of bumping of the tone wheel and 
the sensor. 

In particular in the second feature with the speed 
sensing rolling bearing unit of the present invention, 
since the dimensional relationship of the respective por- 
tions is made L r L 2 -c> 0 , then the tip half portion of 
the cover engages with the inner peripheral face of the 
outer ring member further inside than the chamfer por- 
tion of the outer ring member, before the portion on the 
peripheral face of the sensor excluding the end chamfer 
portion of the sensor is advanced into the tone wheel. 
The centering of the outer ring member and the cover is 
thus achieved by means of the tip half portion, thus 
effectively preventing collision of the sensor and tone 
wheel. However, with the tip half portion only loosely 
engaged with the peripheral face of the open end por- 
tion, then the cover and the sensor supported therein- 
side, can become axially inclined. If the inclination is 
large, and the engagement operation is proceeded as 
is, there is the likelihood of the sensor and the tone 
wheel colliding. In the case of the present invention 
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however, since the dimensional relationship between 
the respective portions is made|{L 3 -(L 1 -L 2 -c)^)}x{ 
A 1 /(L 1 -L 2 -c)H < A 2 /2 , then the cover cannot become 
inclined to the outer ring member to the extent that the 
sensor and the tone wheel collide. 

Fig. 4 shows a first embodiment of the present 
invention. 

A feature of the speed sensing rolling bearing unit 
of the present invention is the simplification of the oper- 
ation of concentrically assembling a sensor 20 and a 
tone wheel 13, thereby preventing displacement of the 
attachment location of the tone wheel 13. and damage 
to the sensor 20 (or rather a synthetic resin block 21 in 
which it is embedded) and the tone wheel 13. 

With regards to the construction of the rolling bear- 
ing unit, this is the substantially same as for the before- 
mentioned conventional construction, while the 
construction of the sensor 20 is substantially the same 
as that for the aforementioned previous invention in the 
copending JP Patent Applications. 

Therefore with the portions of rolling bearing unit 
and the sensor 20, the like symbols are used for the like 
portions and repeated description is omitted or abbrevi- 
ated. As follows is a description centered on the portion 
of the tone wheel 13 which is provided with a guide 37, 
being the feature of the present invention. 

The tone wheel 13 is made in an overall annular 
shape (cylindrical shape) of crank shape in cross sec- 
tion by plastic working, for example deep drawing or 
press forming, a magnetic metal plate such as steel. 
The tone wheel 13 comprises a smaller diameter por- 
tion 14 serving as a cylindrical fixing portion, a larger 
diameter portion 15 serving as a cylindrical detection 
portion, and a stepped portion 16 connecting the edge 
portions of the smaller diameter portion 14 and the 
larger diameter portion 1 5. 

In particular, in the case of the tone wheel 1 3 of the 
speed sensing rolling bearing unit of the present 
embodiment, an axially inner tip portion of the larger 
diameter portion 15 is further enlarged in diameter, with 
this increased diameter portion connected to the other 
portion by an inclined portion, forming a ramp shape 
guide 37. 

The inner diameter of the substantial portion 
excluding the guide 37 of the large diameter portion 15 
is made slightly larger than the outer diameter of the 
sensor 20 so that a very small gap 25 with a radial width 
of 1mm or less is formed between the inner peripheral 
face of the larger diameter portion 15 and the outer 
peripheral face of the sensor 20. 

Furthermore, the inner diameter of an opening por- 
tion of the guide 37 is made sufficiently larger than the 
outer diameter of the sensor 20 so that the sensor 20 
can be easily inserted into the opening portion of the 
guide 37. A rotating cutout section formed on the larger 
diameter portion 15, comprises axially aligned long rec- 
tangular slots 17. With this structure of the cutout sec- 
tion, the guide 37 at the opening portion is made 
continuous around the whole periphery to thereby 


ensure the rigidity of the opening portion. 

With the speed sensing rolling bearing unit accord- 
ing to the present invention constructed as described 
above, the operation of concentrically assembling the 

5 sensor 20 and the tone wheel 13 can be easily carried 
out so that there is no displacement of the attachment 
location of the tone wheel 1 3, and damage to the sensor 
20 (or rather the synthetic resin block 21 in which it is 
embedded) and the tone wheel 1 3. That is to say, due to 

10 the ramp shape of the guide 37 formed on the axially 
inner tip portion of the tone wheel 1 3, then the synthetic 
resin block 21 in which the sensor 20 is embedded, can 
be easily inserted inside the larger diameter portion 15 
of the tone wheel 13, so that the operation of diametri- 

is cally overlapping the tone wheel 13 and the sensor 20 
can be easily carried out. Consequently, during the 
operation of concentrically assembling the sensor 20 
and the tone wheel 13, damage to the sensor 20 (or 
rather a synthetic resin block 21 in which it is embed- 

20 ded) and to the tone wheel 1 3, and displacement of the 
attachment location of the tone wheel 13 is avoided. 

In particular, with the embodiment shown in the fig- 
ure, a part of the metal plate of the tone wheel 13 is bent 
back through 180 degrees at the rim portion closer to 

25 the smaller diameter portion 14. after which the tip is 
bent through 90 degrees in the radial inwards direction 
to give an inward facing flange shaped brim 38. In sup- 
porting the tone wheel 13 on the inner ring member 5. 
the smaller diameter portion 14 is pressed onto the end 

30 portion of the inner ring member 5 until the axially outer 
side face of the brim 38 is abutted against the axially 
inner end face of the inner ring member 5. Since the 
tone wheel 1 3 including the brim 38 is produced accord- 
ing to the manufacturing specification for products to 

35 have the same shape and dimensions, then the tone 
wheel 13 can be located relative to the inner ring mem- 
ber 5, by simply abutting the axially outer side face of 
the brim 38 against the axially inner end face of the 
inner ring member 5 in the abovementioned manner. 

40 After fitting the tone wheel 1 3 to the inner ring mem- 
ber 5 in this way, then even if other members such as 
the cover 18 are bumped against the tone wheel 13, 
there is no displacement of the tone wheel 13 from Hs 
attachment location. At the time of pressing the smaller 

45 diameter portion 14 onto the end portion of the inner 
ring member 5, if the press face of an insertion tool is 
abutted against the axially inner side face (the right side 
face in Fig. 4) of the brim 38. then the pressing opera- 
tion can be carried out without damage to the tone 

so wheel 13. 

Furthermore, by finishing off the axially outer side 
lace of the brim 38 at right angles to the central axis of 
the tone wheel 13, then the precision with reference to 
whirling of the tone wheel 13 can be ensured. TTiat is to 

55 say, the axially outer side face is formed accurately at 
right angles to the central axis easily by adjustment of 
the plastic working apparatus. Moreover, the plane 
through the outer peripheral rim of the axially inner end 
face of the inner ring member 5 is formed perpendicular 
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to the central axis of the inner ring member 5, easily by 
adjustment of the apparatus for manufacturing the inner 
ring member 5. Practically, the end face of the inner ring 
member 5 is accurately made at right angles with 
respect to its central axis. Therefore, if the perpendicu- 5 
larity of both portions is ensured, then with the axially 
outer side face of the brim 38 abutted against the axially 
inner end face of the inner ring member 5, the central 
axis of the tone wheel 13 and the central axis of the 
inner ring member 5 will accurately coincide. Conse- 10 
quently, the situation is prevented such that the larger 
diameter portion 15 of the tone wheel 13 whirls, specifi- 
cally that the peripheral face of the larger diameter por- 
tion 15 of the tone wheel 13 is displaced in the radial 
direction with rotation of the inner ring member 5, and 75 
hence the output from the sensor 20 is stabilized. 

With the embodiment shown in the figure, both the 
inner and outer side faces of the bobbin 29 for the coil 
24 of the sensor 20 are each formed with at least one 
protrusion 49, 50 respectively. These protrusions 49, 50 20 
are respectively inserted into apertures 41 , 42 formed in 
first and second stators 32, 33 respectively. Through 
engagement of the protrusions 49, 50 with the aper- 
tures 41 , 42, the phases of cut-outs 35, 36 formed in the 
first and second stators 32, 33 are made to coincide. An 25 
end of the conductive wire wound onto the bobbin 29 to 
form the coil 24, is taken out through the protrusion 50 
formed on the axially inner side face of the bobbin 29, 
and connected to a terminal of a connector 30 secured 
to the axially with the inner side face of the cover 1 8. 30 

With this embodiment, the guide 37 provided on the 
tip portion of the tone wheel 13 is formed by a rim por- 
tion continuous in the circumferential direction. With the 
rim portion, the tone wheel is perforated in a window 
shape instead of the comb teeth shape, so that the 35 
processing is easy with the rigidity of the tone wheel 
increased. The distance of the rim portion from the 
outer peripheral face of the second stator 33 is made 
sufficiently large. Consequently there is practically no 
magnetic flux flow from the second stator 33 to the rim 40 
portion. In particular, since the amount of change of the 
magnetic flux is not diminished due to the existence of 
the rim portion, then the output of the sensor 20 can be 
fully maintained. 

Fig. 5 shows a second embodiment of the present 45 
invention. With this embodiment, an inclined face of 
bowl rim shape is formed on an inner peripheral face of 
the rim portion of the larger diameter portion 15 of a 
tone wheel 13, by a plastic working process such as 
face pressing, or by machining and the like, to give a so 
guide 37 for guiding insertion of the sensor 20 (or rather 
the synthetic resin block 21 in which it is embedded) 
inside the larger diameter portion 15. With this embodi- 
ment, the rotating cutout section formed on the larger 
diameter portion 15 is made by cut-outs 31, and the ss 
large diameter portion 15 thus formed in a comb like 
shape. Other details of the construction and operation 
are substantially the same as for the abovementioned 
first embodiment 


Fig. 6 shows a third embodiment of the present 
invention. With this embodiment, an annular protrusion 

43 is formed on the axially outer end face (the left end 
face in Fig. 3) of the synthetic resin block 21 in which the 
sensor 20 is embedded, around the whole periphery at 
a location slightly radially inwards from the outer periph- 
eral face of the synthetic resin block 21 (and the sensor 

20 which is embedded in the synthetic resin body 21). 
The outer peripheral face of the protrusion 43 is 
smoothly connected to the outer peripheral face of the 
synthetic resin block 21 , to form a guide 37. At the time 
of concentrically assembling the sensor 20 and the tone 
wheel 13, due to the guide 37, the synthetic resin block 

21 in which the sensor 20 is embedded, can be easily 
inserted inside the larger diameter portion 15 of the 
tone wheel 13, so that the operation of diametrically 
overlapping the tone wheel 1 3 and the sensor 20 can be 
easily carried out If the outer peripheral face of the pro- 
trusion 43 is formed with a taper with the outer diameter 
decreasing towards the tip, than the operation can be 
even further simplified. Other details of the construction 
and operation are the same as for the construction of 
the beforementioned previous invention. 

Fig. 7 shows a fourth embodiment of the present 
invention. With this embodiment, a plurality of apertures 
17 in the rotating cutout section, are formed at even 
spacing around the circumferential direction on a base 
half portion (left half portion in Fig. 7) of a smaller diam- 
eter portion 14 of a tone wheel 13. A radially inwards 
bent brim 46 is formed on the tip end rim of the smaller 
diameter portion 14. The brim 46 and the smaller diam- 
eter portion 14 are connected by a curved corner por- 
tion of a quadrant shape in cross section. 

With this embodiment, the curved comer portion 
functions as a guide 37. That is to say, the curved cor- 
ner portion functions as a guide 37 at the time of insert- 
ing the smaller diameter portion 14 inside a sensor 20, 
thus facilitating the insertion operation of a cover 18. 
The brim 46 forms the curved portion 47 functioning in 
this way as a guide, simplifies the manufacture of the 
tone wheel 13, and also improves rigidity. 

The sensor 20 has first and second stators 32, 33. 
Cut-outs 35 in the stationary cutout portion, are formed 
only on an inner peripheral rim of the first stator 32. The 
cut-outs 35 oppose a cutout section of the base half por- 
tion of the smaller diameter portion 14 which is formed 
with apertures 17, with the pitch of the cut-outs 35 and 
of the apertures 1 7 equal. An inner peripheral rim of the 
second stator 33 opposes a part of the tip half portion of 
the smaller diameter portion 1 4 where the apertures 1 7 
are not formed. Consequently, the second stator 33 
merely serves the role of carrying the magnetic flux. 
Other details of the construction and operation are the 
same as for the abovementioned respective working 
examples. 

Fig. 8 shows a fifth embodiment of the present 
invention. With this embocfiment, the engaging portion 

44 has a thin tip half portion. Specifically, an axial length 
of the engaging portion 44 formed on a portion near an 
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outer peripheral face of the cover 18, for engagingly 
securing the cover 18 to the open end portion of the 
outer ring member 8, is made axially longer than the 
engaging portion 44 of the beforementioned previous 
invention and of the abovementioned first through third 
working examples. Furthermore, the outer diameter of 
the outer peripheral face of the engaging portion 44 is 
made different at the tip half portion and the base half 
portion. That is to say. the outer diameter of the tip half 
portion is made slightly less than the inner diameter of 
the open end portion of the outer ring member 8, so as 
to engage loosely with the open end portion. On the 
other hand, the outer diameter of the base half portion 
in the free condition, is made slightly larger than the 
inner diameter of the open end portion of the outer ring 
member 8, so as to engage with an interference fit with 
the open end portion. 

With this embodiment, the centering of the tone 
wheel 13 and the sensor 20 is carried out with the tip 
half portion of the peripheral face of the engaging por- 
tion 44 loosely engaged with the peripheral face of the 
open end portion of the outer ring member 8. Since at 
the time of this centering operation, it is not necessary 
to press hard on the cover 18, then not only can delicate 
positioning of the cover 18 be easily carried out, but 
also, even if the sensor 20 (or rather a synthetic resin 
block 21 in which it is embedded) and the tone wheel 13 
are bumped, there is not damage to these components. 

If after loosely engaging the tip half portion with the 
inner peripheral face of the open end portion of the 
outer ring 8, to center the tone wheel 1 3 and the sensor 
20, the cover 18 is pressed strongly towards the outer 
ring member 8, then the cover 18 can be securely fixed 
relative to the outer ring member 8 with the base half 
portion of the engaging portion 44 internally engaged 
with an interference fit with the inner peripheral face of 
the open end portion of the outer ring member 8. 

When internally engaging the base half portion with 
the inner peripheral face of the open end portion in this 
way, since centering of the tone wheel 13 and the sen- 
sor 20 has already been carried out, then there is no 
possibility of bumping of the tone wheel 13 and the sen- 
sor 20. In particular with the embodiment shown in the 
figure, in order to more reliably achieve this purpose, the 
length L1 of the interference fit of the engaging portion 
44 is made longer than the length L 2 of the overlap of 
the tip end lace of the synthetic resin body 21 and the 
end rim of the tone wheel 13 (L 1 > Consequently, in 
the state where the tip half portion is loosely engaged 
with the inner peripheral face of the open end portion of 
the outer ring member 8, there is no bumping of the tip 
end lace of the synthetic resin block 21 with the end rim 
of the tone wheel 13. 

Fig. 9 shows another embodiment of the present 
invention. As follows is a description centered on the 
characterizing portions of the embodiment For darity, 
dimensions (A 1 , A 2 etc.) such as for the radial gap are 
drawn larger than the actual case. 

The axial length L1 of an engaging portion 44 


formed on a portion of the cover 18 on the outer periph- 
ery thereof, for engagingly securing the cover 18 to the 
open end portion of the outer ring member 8, is made 
longer than the length necessary for actually securing 

5 the cover 18 to the outer ring member 8. That is to say, 
with the embodiment shown in the figure, an outwardly 
flanged brim 52 is formed on the outer peripheral face of 
a central portion of a cylindrical portion 51 of the cover 
18, and the engaging portion 44 is made on the part of 

w the cylindrical portion 51 nearer to the tip half than the 
brim 52 (the portion to the left in Fig. 9). The outer diam- 
eter of the outer peripheral face of the engaging portion 
44 is made different at the tip half portion 39 and the 
base half portion 40. That is to say, the outer diameter 

75 D39 of the tip half portion is made slightly smaller (by At 
as discussed hereafter) (D 39 < R 8 ) than the inner diam- 
eter Re of the portion on the open end portion of the 
outer ring member 8 further inside than the chamfer 
portion 48 (left side portion in Fig. 9). Consequently the 

20 tip half portion 39 is loosely engaged with the open end 
portion. On the other hand, the outer diameter of 
the base half portion 40 in the free condition, is made 
slightly larger than the inner diameter R 8 of the open 
end portion of the outer ring 8 (D^ > Re), so that the 

25 base half portion 40 engages with the open end portion 
with an interference fit. 

With the speed sensing rolling bearing unit of the 
present embodiment the dimensions of the constituent 
parts are specified so as to satisfy the following equa- 

30 tions (1) and (2): 

L r L 2 -c>0 (1) 
|{L 3 -(L l -L 2 -c)/2}x{A 1 /(L 1 -L 2 -c)}| < A 2 V2 (2) 

35 

The symbols in the respective equations indicate the fol- 
lowing dimension of the respective parts. 

At : the difference between the outer diameter 
40 being the diameter of the peripheral face of the tip 
half portion 39, and the inner diameter R 8 being the 
diameter of the peripheral face of the open end por- 
tion of the outer ring member 8 (Re - D 39 ) 
A 2 : the difference between the inner diameter R 15 
45 of the larger diameter portion 1 5, being the diame- 
ter of the peripheral face of the cutout section of the 
tone wheel 13, and the outer diameter D 20 , being 
the diameter of the peripheral face of the sensor 20 
(R15-D20) 

so l_! : the axial length of the engaging portion 44 

L2 : the length that the cutout section of the tone 
wheel 13 axially overlaps the peripheral face of the 
sensor 20 excluding the end (left end in Fig. 9) 
chamfer portion 45 (portion of a quadrant shape in 

55 cross section) 

L3 : the axial length that the end (left end in Fig. 9) 
of the engaging portion 44 protrudes from the end 
portion of the peripheral face of the sensor 20 
excluding the end chamfer portion 45. 
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c : the axial length of the chamfer portion 48 formed 
on the rim portion of the peripheral face of the open 
end portion of the outer ring member 8. 

At the time of manufacture of the speed sensing s 
rolling bearing unit of the present invention as described 
above, the operation of securing the cover 18 containing 
the synthetic resin block 21 in which the sensor 20 is 
embedded, to the outer ring member 8 is carried out as 
follows. At first the tip half portion 39 of the peripheral 10 
face of the engaging portion 44 is loosely engaged (light 
engagement) with the inner peripheral face of the open 
end portion of the outer ring member 8. On the basis of 
this light engagement, the centering of the tone wheel 
1 3 and the sensor 20 is carried out. Since at the time of is 
this centering operation, it is not necessary to press 
hard on the cover 18, then the delicate positioning of the 
cover 18 can be easily carried out if after loosely 
engaging the tip half portion 39 with the inner peripheral 
face of the open end portion of the outer ring member 8 20 
to center the tone wheel 1 3 and the sensor 20, the cover 
1 8 is pressed strongly towards the outer ring member 8, 
then the cover 18 can be securely fixed relative to the 
outer ring member 8, with the base half portion 40 of the 
peripheral face of the engaging portion 44 internally 25 
engaged with an interference fit with the inner periph- 
eral face of the open end portion of the outer ring 8. 

When internally engaging the base half portion 40 
with the inner peripheral face of the open end portion in 
this way, since centering of the tone wheel 13 and the 30 
sensor 20 has already been carried out, then there is no 
possibility of bumping of the tone wheel 13 and the sen- 
sor 20. 

In particular, with the speed sensing rolling bearing 
unit of the present invention, since as shown by the 35 
befbrementioned equation (1), the dimensions of the 
respective parts are made L 1 -L 2 -c>0, then as 
shown in Fig. 10, the tip half portion 39 engages with 
the inner peripheral face of the open end portion of the 
outer ring member 8 further inwards than the chamfer 40 
portion 48 (the left side in Fig. 10), before the constant 
diameter portion on the outer peripheral face of the sen- 
sor 20 is advanced into the larger diameter portion 15 of 
the tone wheel 13. The centering of the outer ring mem- 
ber 8 and the cover 1 8 is thus achieved by means of the 45 
tip half portion 39, thus effectively preventing collision of 
the sensor 20 and the tip rim (right rim in Fig. 10) of the 
larger diameter portion 1 5 of the tone wheel 1 3. 

However, with the tip half portion 39 only loosely 
engaged with the inner peripheral face of the open end so 
portion of the outer ring member 8, then the cover 18, 
and the sensor 20 supported thereinside by means of 
the synthetic resin block 21, can become axially 
inclined, if the inclination is large, and the engagement 
operation is proceeded as is, there is the likelihood of ss 
colliding between the outer peripheral rim of the end 
portion (the end of the portion excluding the chamfer 
45) of the sensor 20, and the end rim of the larger diam- 
eter portion 15. In the case of the speed sensing rolling 


bearing unit of the present invention however, since the 
dimensional relationship between the respective por- 
tions is made |{L 3 -(L 1 -L 2 -c)/2}x{A 1 /(L l -L 2 -c))| 
< A 2 /2 , then the cover 18 cannot become inclined to 
the outer ring member 8 to the extent that the outer 
peripheral rim of the end portion of the sensor 20 col- 
lides with the end rim of the larger diameter portion 15 
of the tone wheel 13. 

This point will be explained in more detail. At first 
the condition is considered, as shown in Fig. 10, at the 
instant wherein the axially outer portion on the outer 
peripheral face of the sensor 20 starts to be inserted 
inside of the larger diameter portion 1 5. As is clear from 
Fig. 10, in this condition, the outer peripheral face of the 
tip half portion 39, and the inner peripheral face of the 
open end portion of the outer ring member 8, oppose 
partly each other over an axial length of (L t -L 2 -c). In this 
condition, a small gap 53 having a width of A t / 2 exists 
around the whole periphery between the outer periph- 
eral face of the tip half portion 39 and the inner periph- 
eral face of the open end portion of the outer ring 
member 8. 

Here, based on the presence of the small gap 53, 
the cover 18 can be inclined at an angle of only "6" 
degrees about a central point "O" on the central axis of 
the outer ring member 8 and the cover 18. Furthermore, 
the point "O" exists on the axial center of the small gap 
53. In other words, the point "O" exists on the central 
axis at a location axially separated from opposite ends 
of the small gap 53 by (l^-L^-c) 12 . Since the angle 
"6" is small, then 6 is substantially equal to tan e. More- 
over, as is clear from the above explanation, 
tan e = (A t /Z) / {(L r L 2 - c)/2} = A 1 /(L r L 2 -c) . Fur- 
thermore, as is clear from Fig. 10, based on the inclina- 
tion, the amount that the end of the portion on the outer 
peripheral face of the sensor 20 excluding the and 
chamfer portion 45 can be displaced diametrically 
(upwards/downwards direction in Fig. 10) is 
{L 3 -(L r L 2 -c)/2} x {A J(L v L z -q)) . To prevent collision 
of the end of the portion on outer peripheral face of the 
sensor 20 with the end rim of the larger diameter portion 
1 5, then this value must be less than A 2 / 2, being half of 
the difference between the inner diameter R 15 (Fig. 9) of 
the larger diameter portion 15 (the diameter of the one 
part peripheral face of the tone wheel 13) and the outer 
diameter (Fig. 9) (the diameter of the peripheral 
face of the sensor 20). With the speed sensing rolling 
bearing unit of the present invention, since 
l{L3-(L 1 -L 2 -c)/2}x{A 1 /(L 1 -L 2 -c)}| < A 2 /2, then the 
end portion on the outer peripheral face of the sensor 
20 does not collide with the end rim of the larger diame- 
ter portion 15. 

The value L 3 is defined so as to have a positive 
value in the case as shown in Fig. 9, where the end of 
the portion on the outer peripheral face of the sensor 20 
excluding the end chamfer portion 45 is located axially 
inwards (to the right in Fig. 9) than the end (left end in 
Fig. 9) of the engaging portion 44. Consequently, in the 
case as shown in Fig. 1 1 , where the end of the portion 
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on the outer peripheral face of the sensor 20 excluding 
the end chamfer portion 45 is located axialty outwards 
(to the left in Fig. 1 1) than the end (left end in Fig. 1 1) of 
the engaging portion 44, the value L3 becomes a nega- 
tive value. Therefore, with the construction as shown in 5 
Fig. 11, the end of the portion on the outer peripheral 
face of the sensor 20 is displaced diametrically 
(towards/downwards direction in Fig. 11) by an amount 
in length equal to the sum of the absolute value of L 3 , 
and (L 1 -L 2 -c)/2. Hence the symbol for absolute value w 
is used on the left side of equation (2). 

Fig. 12 shows a second embodiment of the present 
invention. With this embodiment, the axial length L 39 (in 
the left and right direction in Fig. 12) of the tip half por- 
tion 39 of the engaging portion 44, which functions as is 
the guide, is made equal to or less than (L r L 2 -c). Con- 
sequently, with this embodiment, when the cover 18 
containing the synthetic resin block 21 in which the sen- 
sor 20 is embedded, is engagingly secured to the outer 
ring member 8, interference engagement of the base 20 
half portion 40 of the engaging portion 44 with the inner 
peripheral lace of the outer ring member 8, axially outer 
(to the left in Fig. 12) than the chamfer 48, commences 
prior to starting insertion of the end of the peripheral 
face of the sensor 20 inside the large diameter portion 25 
15 of the tone wheel 13. After commencement of the 
interference engagement, the cover 18 cannot incline 
relative to the outer ring member 8. 

Consequently, with this embodiment, it is not 
always necessary to impose the limits of equation (2), 30 
although applying these limits is preferable. 

The limits of equation (1) however are necessary, ff 
equation (1) is not satisfied, then the portion on the 
peripheral face of the sensor 20 excluding the end 
chamfer portion 45 is advanced inside the larger diame- 35 
ter portion 1 5 of the tone wheel 1 3, prior to engaging the 
tip half portion 39 with the inner peripheral face of the 
outer ring member 8 further inside than the chamfer 
portion 48. Consequently, rf equation (1) is not satisfied, 
there is the possibility of the sensor 20 and the end rim ao 
of the larger diameter portion 15 of the tone wheel 13 
colliding. 

With the speed sensing rolling bearing unit of the 
present invention as described above, due to the design 
of the dimensional shape of the engaging portion, then as 
when carrying out centering, not only are the tone wheel 
and sensor (or rather the synthetic resin body in which it 
is embedded) protected, but also the cover is protected. 
That is to say, since pressing the engaging portion into 
the outer ring member is not possible with the central so 
axis of the engaging portion and the central axis of the 
outer ring member in an inclined condition, then the sit- 
uation of the outer peripheral face of the engaging por- 
tion bit by the inner peripheral rim of the open end 
portion of the outer ring member no longer arises. Con- 55 
sequently, it is difficult for a gap to occur at the engaging 
faces of the engaging portion and the outer ring mem- 
ber, so that water tight performance of the engaging 
faces is improved. 


The respective embodiments shown in the present 
invention with a construction wherein the sensor is 
located on the inner peripheral side of the larger diame- 
ter portion of the tone wheel, as with the construction of 
the previous invention in the copending JP Patent Appli- 
cations shown in Fig. 3. However, the present invention 
is also applicable to the construction, as with the con- 
ventional construction shown in the beforementioned 
Figs. 1 and 2, wherein the sensor is located on the outer 
peripheral side of the smaller diameter portion of the 
tone wheel. 

The first to fourth embodiments can be modified 
such that a guide formed on the tone wheel 13 is made 
with an outer diameter reducing towards the tip end, 
while a guide formed on the sensor (or rather the syn- 
thetic resin block 21 in which it is embedded) is made 
with an inner diameter increasing towards the tip end. 
Moreover, the fifth embodiment is applied to the above- 
mentioned conventional construction without modifica- 
tion. 

In the embodiments above, the engaging portion 44 
formed on the cover 18 is internally fitted to the open 
end portion of the outer ring member 8, it is also possi- 
ble to adopt the construction as with the conventional 
construction shown in Figs. 1 and 2, wherein the engag- 
ing portion 44 is externally fitted to the open end portion 
of the outer ring member 8. In this case, the inner diam- 
eter of the tip half portion 39 of the engaging portion 44 
is made slightly larger than the outer diameter of the 
open end portion of the outer ring member 8, while the 
inner diameter of the base half portion 40 is made 
slightly smaller than the outer diameter of the open end 
portion of the outer ring member 8. 

Furthermore, the embodiments above may be exe- 
cuted in combination. 

With the speed sensing rolling bearing unit of the 
present invention, due to the abovementioned construc- 
tion and operation, the operation of concentrically 
assembling the sensor and the tone wheel can be easily 
carried out so that the attachment location of the tone 
wheel does not move from the established location, and 
there is no damage to the sensor 20 and the tone wheel 
13. In particular the operation of concentrically assem- 
bling the sensor and the tone wheel, such as in carrying 
out maintenance at the maintenance site of the dealer 
(not at the vehicle manufacturer site) is not necessarily 
limited to being carried out by an experienced operator. 
With the present invention, the occurrence of the above- 
mentioned undesirable events can be prevented even in 
this case with inexperienced personnel. Of course if car- 
ried out by an experienced operator at the vehicle man- 
ufacturer site, then the construction contributes to a 
shortening in time for the operation. 

Incidentally, although the embodiments from Fig. 4 
to Fig. 12 have disclosed a cover basically made from a 
metal member with a bottom plate, ft should be noted 
that the scope of the present invention covers a cover 
comprising a synthetic resin block with no bottom plate 
and a fitting metal portion fitted to the outer ring mem- 
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ber, wherein only the fitting portion is made from a metal 
member. 

Claims 

5 

1. A rolling bearing unit with rotating speed sensor 
comprising a stationary outer ring member having 
an inner peripheral lace formed with an open end 
portion and an outer ring raceway, a rotatable inner 
ring member having an outer peripheral face 10 
formed with an open end portion and an inner ring 
raceway, a plurality of rolling elements provided so 

as to be freely rotatable between the outer ring 
raceway and the inner ring raceway, an annular 
magnetic tone wheel secured to the open end por- is 
tion of the inner ring member and having a cylindri- 
cal peripheral portion formed with rotating cutouts 
circumferentially with a uniform space therebe- 
tween, a cover comprising a synthetic resin block 
and a metal portion and having a cylindrical engag- 20 
ing portion which is fixed to the open end portion of 
the outer ring member by engaging the cylindrical 
engaging portion with the inner peripheral face at 
the open end portion of the outer ring member, an 
annular sensor embedded in the synthetic resin 25 
block and having a peripheral face such that the 
peripheral face thereof opposes at least partly the 
cylindrical peripheral portion of the tone wheel, and 
a guide formed adjacent to at least one of the cylin- 
drical peripheral portion of the tone wheel and the 30 
peripheral face of the sensor to make the tone 
wheel and sensor overlapped radially with each 
other. 

2. A rolling bearing unit with rotating speed sensor 35 
comprising a stationary outer ring member having 

an inner peripheral face formed with an open end 
portion and an outer ring raceway, a rotatable inner 
ring member having an outer peripheral face 
formed with an open end portion and an inner ring 40 
raceway, a plurality of rolling elements provided so 
as to be freely rotatable between the outer ring 
raceway and the inner ring raceway, an annular 
magnetic tone wheel secured to the open end por- 
tion of the inner ring member and having a cylindri- 45 
cal peripheral portion formed with rotating cutouts 
circumferentially with a uniform space therebe- 
tween, a cover comprising a synthetic resin block 
and a metal portion and having a cylindrical engag- 
ing portion which is fixed to the open end portion of so 
the outer ring member by engaging the cylindrical 
engaging portion with the inner peripheral face at 
the open end portion of the outer ring member, an 
annular sensor embedded in the synthetic resin 
block and having a peripheral face such that the ss 
peripheral face thereof opposes at least partly the 
cylindrical peripheral portion of the tone wheel, the 
cylindrical engaging portion of the cover having a 
tip half portion and base half portion each having a 


peripheral portion faced to the inner peripheral face 
at the open end portion of the outer ring member, 
such that the tip half portion and base half portion 
are different in diameter, so that the tip half portion 
is loosely fitted to the peripheral face at the open 
end portion of the outer ring member while the base 
half portion is fitted to the peripheral face at the 
open end portion of the outer ring member with a 
interference fit. 

3. A rolling bearing unit with rotating speed sensor 
comprising a stationary outer ring member having 
an inner peripheral face formed with an outer ring 
raceway and an open end portion having a chamfer 
end portion, a rotatable inner ring member having 
an outer peripheral face formed with an inner ring 
raceway and an open end portion, a plurality of roll- 
ing elements provided so as to be freely rotatable 
between the outer ring raceway and the inner ring 
raceway, an annular tone wheel secured to the 
open end portion of the inner ring member and hav- 
ing a peripheral portion formed with a cutout sec- 
tion, a cover comprising a synthetic resin block and 
a metal portion and having a cylindrical engaging 
portion with an end which is fixed to the open end 
portion of the outer ring member by engaging the 
engaging portion with the inner peripheral face at 
the open end portion of the outer ring member, an 
annular sensor embedded in the synthetic resin 
block and having an end chamfer portion and a 
peripheral face with an end such that the peripheral 
face thereof opposes at least partly the peripheral 
portion of the tone wheel, wherein the following 
requirements (1) and (2) are satisfied: 

(1) the engaging portion of the cover having tip 
and base half portions with a peripheral face 
portion opposed to the inner peripheral face at 
the open end portion of the outer ring member 
and being different in diameter between the tip 
half portion and the base half portion, so that 
the tip half portion loosely engages with the 
inner peripheral face at the open end portion of 
the outer ring member, while the base half por- 
tion engages with an interference fit with the 
inner peripheral face at the open end portion of 
the outer ring member, 

(2) with Aj as the difference between the diam- 
eter of the peripheral face of the tip half portion 
of the cover and the diameter of the peripheral 
face at the open end portion of the outer ring 
member, and A 2 as the difference between the 
diameter of the peripheral face of the cutout 
section of the tone wheel and the diameter of 
the peripheral face of the sensor, as the 
axial length of the engaging portion, as the 
length that the cutout section of the tone wheel 
axially overlaps partly the peripheral face of the 
sensor excluding the end chamfer portion of 
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the sensor, and L3 as the axial length that the 
end of the engaging portion protrudes from the 
end of the peripheral face of the sensor exclud- 
ing the chamfer portion of the sensor, and "c" 
as the axial length of the chamfer end portion 5 
of the open end portion of the outer ring mem- 
ber, then L r L 2 -c>0, and, |{L 3 - (LyL 2 
-c)/2)x{A,f(l v L 2 -c))\<A 2 f2. 

A rolling bearing unit with rotating speed sensor 10 
comprising a stationary outer ring member having 
an inner peripheral face formed with an outer ring 
raceway and an open end portion having a chamfer 
end portion and, a rotatable inner ring member hav- 
ing an outer peripheral face formed with an inner is 
ring raceway and an open end portion, a plurality of 
rolling elements provided so as to be freely rotata- 
ble between the outer ring raceway and the inner 
ring raceway, an annular tone wheel secured to the 
open end portion of the inner ring member and hav- 20 
ing a peripheral portion formed with a cutout sec- 
tion, a cover comprising a synthetic resin block and 
a metal portion and having a cylindrical engaging 
portion with an end which is fixed to the open end 
portion of the outer ring member by engaging the 25 
engaging portion with the inner peripheral face at 
the open end portion of the outer ring member, an 
annular sensor embedded in the synthetic resin 
block and having an end chamfer portion and a 
peripheral face such that the peripheral face thereof 30 
opposes at least partly the peripheral portion of the 
tone wheel, wherein the following requirements (1) 
and (2) are satisfied: 

(1) the engaging portion of the cover having tip 35 
and base half portions with a peripheral face 
portion opposed to the inner peripheral face at 
the open end portion of the outer ring member 
and being different in diameter between the tip 
half portion and the base half portion, so that 40 
the tip half portion loosely engages with the 
inner peripheral face at the open end portion of 
the outer ring member, while the base half por- 
tion engages with an interference fit with the 
inner peripheral face at the open end portion of 45 
the outer ring member, 

(2) with A 1 as the difference between the diam- 
eter of the peripheral face of the tip half portion 
of the cover and the diameter of the peripheral 
face at the open end portion of the outer ring so 
member, and Ag as the difference between the 
diameter of the peripheral face of the cutout 
section of the tone wheel and the diameter of 
the peripheral face of the sensor, Lj as the 
axial length of the engaging portion, L 2 as the ss 
length that the cutout section of the tone wheel 
axially overlaps partly the peripheral face of the 
sensor excluding the end chamfer portion of 
the sensor, and "c" as the axial length of the 


chamfer end portion of the open end portion of 
the outer ring member. 

5. A rolling bearing unit with rotating speed sensor 
comprising a stationary outer ring member having 
an inner peripheral face formed with an open end 
portion and an outer ring raceway, a rotatable inner 
ring member having an outer peripheral face 
formed with an open end portion and an inner ring 
raceway, a plurality of rolling elements provided so 
as to be freely rotatable between the outer ring 
raceway and the inner ring raceway, an annular 
magnetic tone wheel secured to the open end por- 
tion of the inner ring member and having a tip end 
formed with a rim portion and a cylindrical periph- 
eral portion formed with rotating cutouts circurrrfer- 
entially with a uniform space therebetween and 
column portions between pairs of the cutouts, a 
cover comprising a synthetic resin block and a 
metal portion and having a cylindrical engaging 
portion which is fixed to the open end portion of the 
outer ring member by engaging the engaging por- 
tion with the inner peripheral face at the open end 
portion of the outer ring member, an annular sensor 
embedded in the resin block and having a stator 
formed with a peripheral face such that the periph- 
eral face thereof opposes at least partly the cylindri- 
cal peripheral portion of the tone wheel, and that 
the column portions are radially opposed to the sta- 
tor with a first air gap therebetween while the rim 
portion is radially opposed to the stator with a sec- 
ond air gap therebetween which is larger than the 
first air gap. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig> 8 
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Fig. 9 
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Fig. 10 



23 


EP 0751 311 A1 



EP0 751 311 A1 



25 


EP 0 751 311 A1 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application N amber 

EP 96 10 4135 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indkatiaa, where appropriate, 


Rdm 

to 


CLASSIFICATION OP THE 
APPLICATION Outdo) 


A 
A 

A 
A 


GB-A-2 281 628 (NSK LTD) 8 March 1995 

* the whole document * 

EP-A-0 306 850 (SAUER ACHSENFAB) 15 March 
1989 

* the whole document * 

EP-A-0 464 405 (SKF IND SPA) 8 January 
1992 

US-A-5 296 805 (CLARK EDWARD R ET AL) 22 
March 1994 


F16C19/52 
G01P3/44 


TECHNICAL FIELDS 
SEARCHED (jbtCLo) 


F16C 
G01P 
B60T 


The present search report has been oVmwn op for all dauns 


8 

2 
a 


Hin af turd 

BERLIN 


D*« at cmptttloa W Ik* nmtk 

29 May 1996 


Hoffmann, M 


CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If takes alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : noo-written disclosure 
P : intermediate document 


T : theory or principle underlying the Invention 
E : earlier patent document, bat published on, or 

after the filing date 
D : document died In the application 
L : document cited for other reasons 

ft : member of the same patent family, corresponding 


26 


